Introduction
Nowadays, there is a growing awareness of the pollution generated by engineering development, and this pollution has created damage to the ecology and climate change all over the world, see Fig. 1 . Since more engineering projects imply more carbon dioxide (CO 2 ) emissions, serious attention has to be paid and precautions need to be taken before the disasters occur. In this case, the practical engineering development must consider CO 2 mitigation in an effective engineering management. Simply put, we need to mitigate the emissions of carbon dioxide through appropriate engineering management for the earth sustainability. Though Kyoto Protocol has been signed in December 1997, the world is still engaged in debating whether or not climate change has taken place, or even doubt that it is humaninduced. Even if the debate may still go on, climate change has become an internationally recognized problem. In fact, it is conformed that climate change is real and it is caused by human activities partly (UNDP, 2007) . According to the fourth report of IPCC (Intergovernmental Panel on Climate Change), the next ten years will be critical for the world in light of the long-term greenhouse gas emissions stabilization scenario (490ppmv CO 2 ) (Fisher et al., 2007) . In order to avoid catastrophic climate change, the world requires the reduction in global emissions from 2015 onwards, and the goal of reduction amount is set to be less than 50% of today's level by 2050. To attain this goal, 192 countries come together to discuss how to reduce carbon emissions in December 2009 at Copenhagen, and to resolve the global climate change problem together. In this paper, we will present a systematic review of engineering management based on the reduction of carbon dioxide emissions constraints. Our goals are: (1) to provide an overview of empirical studies within this field, (2) to summarize past research contents and approaches, (3) and to point out the future perspective. In order to achieve these goals, we employ the systematic literature review approach which proposed by Kitchenham et al. (2004) . This systematic literature review allows us to evaluate and interpret all existing research that is relevant to our study. In addition, it allows us identify reliably where the literature has recurring themes, where it presents
Fig. 1. The effect of the Sun is
already dampened by atmospheric pollution (Oliver, 2007) conflicting findings, and where are there gaps in the existing body of work. The remainder of this article is organized as follows. In Section 2, we present the research background and motivations of this review. Then, we describe the research method that we used to select and review the literature for our research in section 3, along with our chosen framework for analysis. Subsequently, in section 4, we propose the results of the systematic review according to the framework. In Section 5, we discuss engineering projects or industry engineering need special concern, and research methods and of engineering management in details. We present the trend and future perspective in Section 6 and conclude the paper in Section 7.
Research Background and Motivations
Global warming is a global environmental concern with potentially significant consequences for the society. The Copenhagen Accord has underlined that climate change is one of the greatest challenges of our time once again. Over the past three decades, the GISS (Goddard Institute for Space Studies) surface temperature record 
Systematic Review Method
As the primarily approach concerned with the problem of aggregating empirical evidence, systematic reviews become more and more popular in recently, see Horvath and Pewsner (2004) , Khan (2005) , Davis et al. (2006) , Hannay and Sjoberg (2007) , Brereton et al. (2007) , Dyba et al. (2007) , Blanco et al. (2008) , Tricco et al. (2008) , Sampson et al. (2008) , Nicolas and Toval (2009) , and so on. Systematic literature review is the method of identifying, evaluating and interpreting all available research relevant to a particular research question, or topic area, or phenomenon of interest. It requires considerably more effort than traditional reviews. Compared with traditional reviews, systematic literature reviews have two major advantages: one is that they provide information about the effects of some phenomenon across a wide range of settings and empirical methods. If studies give consistent results, systematic reviews provide evidence 
Specifying anning the revie
For the s e protocol, the s e inclusion and nthesis. Then, thods that we ethod is to pr earch of the missions constrain d answer the thr ction 1.
Identification
In Table. 2. In this study, we consider five electronic bases, showed in Table. 3.
The research is performed in October 2014, so we select the research published from 1980 to October 2014 (ISI Web of Science from 1986 to October 2014). The identification process yields 9352 articles (see Fig. 7 ), and they form the basis for the next step in our selection process 1 .
Selection of primary studies
After identifying the articles, we select the papers according to the exclusion criteria as follows: ¾ Duplicate articles. There are some duplicate publications belong to more than one database, so we remove the duplication. Through this process, the number of articles reduces to 7864. ¾ Conference presentations. We eliminate the conference presentations and the number of articles reduces to 6627. ¾ Description of book and journal. We eliminate the description of book and journal, and the number reduces to 5286.
Fig. 7. The basis data of systematic review process
These 5286 literatures make up the initial document database. However, the number of the document is still too large, so we include texts that: z Solve engineering problems from a management perspective not from a pure technical perspective. We enter the keywords ``Management'' to the initial document database, and then we get 1032 documents. z Consider the background of this research. We enter the keywords ``Carbon Dioxide Emissions'', ``Greenhouse Gas Emissions'', ``Global Warming'', ``Climate Change '', and ``Sustainable Development'' to 1032 documents, then delete the other articles. The number of articles reduces to 643. z Answer any one or more of our research questions directly or indirectly. Consider the three research questions listed in Section 1 as the criteria for selecting articles, we read through the title and abstract of 643 documents, and select 206 articles as the final document database. By the six criterions above, the final number of papers selected for this review is 206, 2.20% of initial document database.
Study quality assessment, data classification and synthesis
Now, 206 studies are selected for this review. We settle on a simpler classification of the studies by examining the scientific rigor. Then, we assess the Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org quality of the selected papers by categorizing these into empirical studies, lessons learned reports and either reviews of the literature or secondary studies. The criterion for being accepted as an empirical study is that the article has a section at least describing the research method and context. After the quality assessment, we have 175 empirical studies, 23 reports of lessons learned and 8 literature reviews. Fig. 8 shows that out of the 206 studies, 84.95% are empirical, i.e. findings are based on direct evidence or experiment. The 11.17% lessons learned reports and a small number of studies (3.88%) that are either reviews of the literature or secondary studies, where empirical work is reexamined.
Fig. 8. Types of studies in the accepted papers
For synthesizing data, we choose to only use the papers classified as empirical studies in our framework, in order to avoid problems associated with lessons learned reports stemming from their lack of scientific rigor. We extract main findings and the research method for each article. Both technical process and technical management process are considered in this review.
Review Results and Findings
After the systematic review execution, we classify the final document storage. The statistical results of articles from the final document storage are shown in Table. 4. Fig. 9 shows that over the last 30 years there is a recent increase in published papers covering engineering management based on the reduction of carbon dioxide emissions constraints 2 . This increase may be a reflection of a growing awareness of the serious situation of global warming. Alternatively, this increase may just match a general rise in published papers in this area. 
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As seen in ecially energy rgovernmental P largest contribut sequently, a lot neering. Liu carbon emission as the capital and one of the biggest cites in China. By the economicenergy-environment-oriented reference energy system (RES), MARKAL optimal model and multi-period linear programming matrix, the study obtains the suitable energy supply structure and end-use technology structure of Beijing. Sinyak and Nagano (1994) analyze long-term energy prospects from the point of view of future carbon dioxide emissions and constraints imposed by possible changes in the global climate, and evaluate the consequences of various policy options in energy supply and demand to understand the efficacy of different measures in approaching a global greenhouse-gasabatement energy policy. Kato et al. (2011) introduce a new energy system, called Active Carbon Recycling Energy System (ACRES), to reduce carbon dioxide emissions and the establishment of carbon supply security. Utamura (2005) propose an analytical model to account for carbon dioxide emission behavior during replacement of power source from fossil fuel to renewable energy in which sustainability of energy supply is stressed. Analysis show that energy payback time (EPT) should be much shorter than the doubling time of manufacturing cycle to secure adequate available energy during the replacement, and a nuclear plant, small hydropower plant, wind power plant and photovoltaic cell are taken as representative candidates and investigated as options to replace fossil power until toward the end of this century. Ou et al. (2011) use the Well-toMeter (WTM) analysis module in the Tsinghua-CA3EM model to examine the primary fossil energy consumption (PFEC) and greenhouse gas (GHG) emissions for electricity generation and supply in China. They conclude that the current high levels of PFEC and GHG emission for electricity in China are largely due to the dominant role of coal in the power-generation sector and the relatively low efficiencies during all the sub-stages from resource extraction to final energy consumption, and the development of nuclear and renewable energy as well as low carbon technologies such as carbon dioxide capture and storage (CCS) can significantly reduce GHG emissions from electricity. Numerous studies of reducing CO 2 emissions in energy engineering indicate that state policy makers, engineering decision makers, electric and gas utilities, energy customers, and other key stakeholders should focus on renewable energy and clean energy. Only by identifying, designing and implementing renewable energy and clean energy policy, effective energy engineering management and technology solutions, we will deliver important environmental and economic benefits from energy engineering in the reduction of CO 2 emissions. 
Iron and Steel Industry
There is 14.86% literature focuses on the iron and steel industry. As one of the most energy intensive industries, iron and steel industry contribute in global CO 2 emissions. IPCC points that the production of iron and steel is the third largest contributor of CO 2 emissions in industry (after cement production and refining). So as one of the most important sources, iron and steel industry should be required more attention in the reduction of CO 2 emissions. As the often used approach in carbon emission factors, logarithmic mean Division index (LMDI) play an important role in the research of CO 2 emissions in iron and steel Industry. For example, by LMDI technique, Sun et al. (2011) decompose total change in CO 2 emissions into four factors: emission factor effect, energy structure effect, energy consumption effect, and steel production effect. And prove that steel production effect is the major factor which is responsible for the rise in CO 2 emissions; whereas the energy consumption effect contributes most to the reduction in CO 2 emissions. Hatzigeorgiou et al. (2010) present the decomposition analysis of energy-related CO 2 emissions in Greece and in the EU-25 from 1990 to 2020, by means of the LMDI technique and a baseline scenario approach based on the PRIMES simulation modeling system for energy demand and supply. In this study, by LMDI, changes in CO 2 emissions are decomposed into four factors: income effect, energy intensity effect, fuel share effect, and population effect. Using LMDI, Sheinbaum et al. (2009) analyze changes in energy use and carbon dioxide emissions in Mexico's iron and steel industry from 1970-2006, and examine CO 2 emissions related to energy use and production process. Results show that CO 2 emissions from fuel consumption and iron and steel production process increased by 134%, and in addition to structure and efficiency, fuel share effect also drove down emissions by 4.2% in the entire period. While, other researchers focus on some mathematical methods. Gielen and Moriguchi (2002) Japanese greenhouse gas emissions. The model results suggest that these emissions will decline from a level of 185Mt in 2000 to about 150Mt in 2020-2030 because of declining production and increasing recycling, and if only Japan and Europe would introduce such a tax, Japanese emissions will decline to 25Mt CO 2 . Wang et al. (2007) analyze the scenario on CO 2 emissions reduction potential in China's iron and steel industry by the model using LEAP software. Three different CO 2 emission scenarios are generated for China's iron and steel industry from 2000 to 2030. They conclude that emissions reduction will rely more on the adjustment of production processes and the application of more modern large scale plants taking a long term perspective. Besides, advanced blast furnace technology will inevitably play an important role. Hidalgo et al. (2005) present a recursive world simulation model--the Iron and Steel Industry Model (ISIM) --to analyze the evolution of the industry from 1997 to 2030. ISIM focuses on steel production, demand, trade, energy consumption, CO 2 emissions, technology dynamics, and retrofitting options, and gives an outlook on the evolution of the iron and steel industry in the 1997-2030 periods. Besides, Ren and Wang (2011) investigate the development status of iron and steel industry in Shandong province in response to the energy-saving and emission-reduction policy in China, and propose four measures--improving the technical equipment and equipment capacity, optimizing process, decreasing iron-steel ratio and optimizing energy structure--to realize the target of sustainable and low-carbon economic development in Shandong's iron and steel industry. Si et al. (2011) analysis the feasibility of waste heat recovery and assesses energy efficiency at a steel company, Gerdau Ameristeel in Selkirk, Manitoba.
Cement Industry
There is 13.51% of literature is focused on cement industry. Cement is one of the most widely used construction materials, and the type of fuel used (especially coal) in cement production impacts on CO 2 emissions directly. It has been proved that cement industry accounts for approximately 5% of current global man-made CO 2 emissions (Cagiao et al., 2011) , see Fig. 13 . In 2006, the global CO 2 emissions in cement industry are about 1.88Gt. If no measures are taken, with the continued growth of global cement production, it is expected to rise to 2.34Gt by 2050 at least (International Energy Agency). Thence, there is growing awareness that cement industry is a significant contributor to carbon dioxide emitted and great concern has to be tack led (Rehan and Nehdi, 2005) . To data, International Energy Agency (IEA), Cement Sustainability Initiative (CSI) and European Cement Research Academy (ECRA), have already drafted the cement industry roadmap targets in global CO 2 emissions (Fig. 15) . They agree that technology of reducing carbon emissions from cement industry should follow four ways: (1) Energy efficiency, (2) Alternative fuel use and fuel switching, (3) Clinker substitution, (4) Carbon capture and storage.Besides, emerging environmental policies also should be considered. In future, the stakeholders of cement industry should become more familiar with reduction of CO 2 emissions and associated climate change issues, along with emerging environmental policies that may affect of this industry.
Transportation Engineering
Since 1990, transportation sector emissions have grown more in absolute terms than any other sector (Cambridge Systematics, Inc.). World Energy Council has pointed out that transportation engineering impacts on the environment significantly, accounting for between 20% and 25% of world energy consumption and carbon dioxide emissions (World Energy Council). In this case, carbon dioxide emissions from transportation engineering have been attracted by a large number of scholars. For instance, Lu et al. (2007) adopt the Division index approach to explore the impacts of five factors on the total carbon dioxide emissions from highway vehicles in Germany, Japan, South Korea and Taiwan during 1990--2002. From the results in this study, they find out that the rapid growths of economy and vehicle ownership are the most important factors for the increased CO 2 emissions, whereas population intensity contributes significantly to emission decrease. Liao et al. (2009) examine carbon dioxide emissions of truck-only transportation using activity-based emission modeling and compare those with intermodal coastal shipping and truck movements, and summarize that replacing long-haul truck transport with the intermodal can significantly reduce carbon dioxide emission significantly because of the efficiency of maritime fuel. Lin (2010) focuses on five national parks in Taiwan and applies a bottom-up approach to determine the amount of CO 2 emissions from domestic tourism transport in 1999-2006. The scenario analysis indicates that CO 2 emission can be reduced by increasing load factors of transport, tourist switching from private cars to public transport and going to destinations close to their points of departure, which can be achieved by authorities through activity management, regulation control and price adjustment. Consequently, engineering management for transportation is necessary. The transportation community is being challenged to develop management approach and strategies to reduce CO 2 emissions. Cambridge Systematic point out that pricing and other forms of travel demand management are important tools in reducing CO 2 emission and addressing fuel consumption. By life cycle assessment (LCA) approach, Kuo and Chen (2009) explore the environmental impacts of island tourism. This research summarize that per tourist per trip emits 109,034 g of CO 2 and the transportation consumes the largest energy (67%); in particular, the airplane sector. Paravantis and Georgakellos (2007) develop aggregate car ownership and bus fleet models in order to forecast and compare fuel consumption and CO 2 emissions from passenger cars and buses, and predict that the contribution of cars to total CO 2 emissions will rise to an astounding 95% of total CO 2 emissions from road passenger transport (excluding taxis and mopeds). Lu et al. (2007) propose that sustainable transport policy in Taiwan should focus on improving the operation and energy use of its highway transportation system by implementing an intelligent transportation system (ITS) with demand management, constructing an integrated feeder system, and encouraging the use of green transport modes.
Research Methods
In this study, there are six articles associated with the DICE model. Dynamic Integrated Model of Climate and the Economy (DICE) are initialized by Nordhaus in 1992. It is an integrate model that incorporates both the dynamics of emissions and impacts and the economic costs of policies to curb emissions (Nordhaus, 1992) . DICE model contains both the traditional economic sector and novel climate sector. The economic costs control must be considered in all engineering projects, so DICE model can be used in engineering management on the basis of the reduction of carbon dioxide emissions constraints. Popp used the advanced model in Popp (2004) , named ENTICE model, which consider endogenous technological change in the DICE model of global warming. Technological change that enhances energy efficiency is stimulated by changes in the price energy, including carbon taxes. Inexact Dynamic Optimization Model is first proposed by Huang and has been applied to practical engineering projects, such as agricultural/timbering activities in Mackenzie Basin, Canada (Huang et al, 1996) , energy system management and GHGemission control in the Municipality of Beijing ), greenhouse-gas emission management and sustainable renewable energy development under uncertainty , municipal solid waste (MSW) management under uncertainty . System Dynamics Approach is also effective to reduce emissions of carbon dioxide in engineering projects. It is very important to sustainable development as a decision making tool. Chen et al. (2005) develop a dynamic strategy planning theory and system to generate the land use plans of the Nankan river basin in Taoyuan County of Chinese Taiwan. Shi and Gill (2005), Fong (2009) use systems dynamics model to develop effective policies for the sustainable development of ecological agriculture in China and plan urban process toward stabilizing carbon dioxide emissions from cities in Malaysia, respectively. Anand et al. (2006) employ system dynamics model to estimate CO 2 emissions from the cement industry in India. Shen et al. (2009) also apply the system dynamics model for the sustainable land use and urban development in Hong Kong. From the five articles mentioned above, we can see that system dynamics model occupies most of the proportion of System Dynamics Approach, so it should be given more attention in subsequent research. There are seven articles associated with the Integrated Approach, and they account for 22% in all 32 articles. Bernow et al. (1998) discuss and evaluate the policies to reduce carbon dioxide (CO 2 ) emissions from electricity generation in the US using an integrated approach. Rao (2001) develop integrated approach for sustainable development of land and water sources, and concluded that for sustainable development, a holistic and systematic approach is essential that takes into account analysis of multiple objectives, Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org impact and risk analysis apart from decision-making at the grassroots level. Lis (2006) consider uncertainties associated with the future performance of buildings due to changes in regional and local-scale climatic impact, and proposed an integrated approach to risk management of future climate change impacts in the construction industry. Goderniaux et al. (2007) use an integrated approach to assess climate change impacts on a regional chalky aquifer in Belgium. Rustad (2008) develop an integrated hydrological model in order to study the potential effects of climate change on groundwater resources. Pataki (2009) use an integrated approach to improving fossil fuel emissions scenarios with urban ecosystem studies. Richter and Hamacher (2002) built an integrated model for energy and environment management in Augsburg, Germany. Besides, Pyke et al. (2007) propose a decision assessment and decision inventory that will provide systematic information describing the relevant attributes of climate-related decisions. Application of this approach will help provide more effective decision support based on a balanced foundation of analytical tools, environmental data, and relevant information about decisions and decision makers. Kueppers et al. (2004) develop a policy tool, in the form of a multi-attribute decision matrix, which can be used to evaluate potential and completed land-use projects for their climate, environmental and socioeconomic impacts simultaneously. Kambo et al. (1991) Vallega (1996) and Nordrum et al. (2004) use a consistent approach to using structure within the coastal system and estimating greenhouse gas emissions for the petroleum industry. Mongelli et al. (2006) use InputOutput model to calculate the intensities of energy consumption and the related Green House Gases emission, for each Italian economic sector. Kaewniyompanit et al. (2006) conduct a modeling study that focused on power supply variations in Japan. Litynski et al. (2006) 
The Trend and Future Perspective
This review has raised three questions that deserved further research. First, we know that Energy Engineering, Iron and Steel Industry, Cement Industry, and Transportation Engineering must be given a special attention in the reduction of carbon dioxide emissions for the goal of sustainable development. Secondly, there are 13 approaches used in the 175 empirical studies. Among them, the most widely used methods are Dynamic Integrated Model Climate and the Economy (DICE), Inexact Dynamic Optimization Model, System Dynamics Approach, and Integrated Approach. Thirdly, the consideration of carbon dioxide emissions as the constraint is necessary in the engineering project and industry engineering, and some key mitigation technologies and practices, measures, instruments and policies of engineering management are shown to be environmentally effective to the reduction of carbon dioxide emissions. Besides, the following engineering fields deserve special attention in the future: NonEnergy Use of Fuels, Natural Gas Systems, Municipal Solid Waste Combustion, Lime Manufacture, Ammonia Production and Urea Consumption, Limestone and Dolomite Use, Cropland Remaining Cropland, Soda Ash Manufacture and Consumption, and so on. On the other hand, highly advanced mitigation technologies, which probably be effective to the reduction of carbon dioxide emissions in engineering project and industry engineering in the future, are listed as follows: carbon dioxide capture and storage (CCS) for gas, biomass and coal-fired electricity generating facilities; advanced nuclear power; advanced renewable energy, including tidal and wave energy, concentrating solar, and solar photovoltaic; second generation bio-fuels; higher efficiency aircraft; advanced electric and hybrid vehicles with more powerful and reliable batteries; integrated design of commercial buildings including technologies, such as intelligent meters that provide feedback and control; solar photovoltaic integrated in buildings; CCS for cement, ammonia, and iron manufacture; inert electrodes for aluminum manufacture; improvements of crop yields; tree species improvement to increase biomass productivity and carbon sequestration. In addition, with in-depth research of engineering management and a great concern over climate change, more and more fields of engineering management will be permeated with the reduction of carbon dioxide emissions as constraints. Therefore, for a period of time in the future, low carbon modes (Kramer and Haigh, 2009 ) and low carbon technologies (Galiana and Green, 2009 ) focus in many engineering project and industry engineering to reduce carbon dioxide emissions. As a result, Low Carbon Engineering Management may also be a research hotspot in the future. Based on our findings above, we can conclude that effective and sustainable engineering management shall dedicate more effects in the reduction of carbon dioxide emission. Only through this way can we find opportunities to realize sustainable development.
Conclusions
In this paper, we present a systematic review that identifies the empirical studies of engineering management based on the reduction of carbon dioxide emissions constraints. After extensive literature review, we summarize past research contents and approaches and point out the future perspective of engineering management based on the reduction of carbon dioxide emissions constraints. Our study fulfills the following three aims: (1) Share the results of our investigations on engineering management based on the reduction of carbon dioxide emissions constraints. Our experiences of attempting systematic literature reviews have confirmed that the basic steps in the systematic review process appear as relevant to reduction of carbon dioxide emissions as they do in engineering Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org management. We particularly note that the reporting of empirical studies in reduction of carbon dioxide emissions has a number of shortcomings. The lack of conformity in searching facilities, across commonly used digital libraries is also a hindrance to conduct systematic literature reviewers. (2) Identify (a) Which engineering project or industry engineering requiring special attentions in the reduction of carbon dioxide emissions constraints for the goal of sustainable development? (b) What research methods have been used in engineering management on the basis of the reduction of carbon dioxide emissions constraints? (c) Which key mitigation technologies and practices, measures, instruments and policies of engineering management are shown to be environmentally effective to the reduction of carbon dioxide emissions? (3) Point out the trend and future perspective. To achieve the ultimate objective of the convention to stabilize greenhouse gas concentration in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system, we shall recognize the scientific view that the increase in global temperature should be below 2 degrees, on the basis of equity and in the context of sustainable development, enhance our long-term cooperative action to combat climate change. To sum up, for realizing sustainable development, we must consider the reduction of carbon dioxide emissions as necessary condition in engineering management. Only in this way, we will be able to improve the harsh environment and achieve the economic objectives of sustainable development. This review will be useful for policymakers and engineering management analysts alike. Besides, it will be essential to worldwide engineering management and to the mitigation of climate change.
